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Jennifer C. Hirsch-Romano, MD, MS, Edward L. Bove, MD, Ming-Sing Si, MD, and
Richard G. Ohye, MDStaged palliation for neonates born with hypoplastic leftheart syndrome (HLHS) and other single ventricle heart
defects has provided a viable form of treatment with ever-
improving short- and long-term outcomes. The second-stage
palliation for single ventricle heart defects, the hemi-Fontan,
or bidirectional Glenn operation removes the volume
overload on the ventricle from the systemic shunt. The
incorporation of an early superior cavoplumonary connec-
tion to remove the deleterious effects of volume overload has
dramatically improved long-term ventricular function in this
patient population and is thought to be one of the largest
contributors to improved outcomes in the modern era of
staged palliation. Important components of this procedure
include creating an unobstructed connection from the
superior vena cava (SVC) to the pulmonary arteries (PAs)
to provide adequate pulmonary blood ﬂow, augmentation of
the central PAs to remove any potential stenosis, avoidance
of conduction disturbances, and anticipating the future
connection of the inferior vena cava (IVC) to the PAs. Our
technique differs from the original hemi-Fontan descrip-
tion1,2 with 2 modiﬁcations. First, the incision on the right
atrium is limited to the right atrial appendage and is
therefore not carried onto the SVC. This minimizes the risk
of transected the artery to the sinoatrial node, and we have
demonstrated that this has reduced short- and long-term
arrhythmias.3 Second, the homograft patch augmentation is
limited to the central PAs and a separate polytetraﬂouro-
ethylene (PTFE) patch is utilized to exclude the SVC returnmatter r 2013 Elsevier Inc. All rights reserved.
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this connection while performing Fontan procedure.
At the University of Michigan, the hemi-Fontan is preferred
over the bidirectional Glenn as the second-stage operation of
choice for patients with amenable anatomy. The reasons for
this preference include the ability to correct any potential risk
factors for poor long-term outcome such as PA distortion due
to the systemic shunt, the maintenance of a stable circulation
free of right ventricular volume overload, and the creation of a
large eventual pathway for connection of the IVC to the PAs.
The volume-unloading second-stage palliation for single
ventricle cardiac lesion is generally performed at 4-6 months
of age. The timing of surgery is dependent on the patient’s
saturations, somatic growth, and need for intervention for
associated defects, such as progressive tricuspid valve
regurgitation. Preoperative cardiac catheterization is per-
formed to evaluate right ventricular function, tricuspid
regurgitation, residual arch or atrial septal obstruction,
branch PA anatomy, and pulmonary vascular resistance.
The hemi-Fontan procedure is certainly more complex
than the bidirectional Glenn, but the routine augmentation
of the branch PA associated with our technique of the hemi-
Fontan ensures optimal PA anatomy and the effort
dramatically simpliﬁes the ultimate Fontan procedure. In
addition, by performing a more complex operation at the
time of stage 2 rather than at the Fontan procedure when
the postoperative hemodynamics are more demanding, the
postoperative course can be optimized as well.117
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The procedure is performed utilizing standard cardiopulmo-
nary bypass (CPB) with modest hypothermia (32-341C). The
patient is cannulated with a distal ascending aortic arterial
cannula along with bicaval venous cannulation and the
placement of a superior pulmonary vein vent depending on
surgeon’s preference. Upon institution of CPB, the cavae are
snared. The systemic shunt is identiﬁed, ligated, and
divided. The branch PAs are mobilized to the takeoff of
the upper lobe branches. Control of the distal PAs is
obtained. The azygous vein is ligated. The central PAs are
opened anteriorly extending distal to the insertion of the
ligamentum arteriosum on the left and distal on the right PA
to a point directly posterior to the SVC (Fig. 1A). A patch of
pulmonary allograft material is prepared for augmentation of
the central PAs. A single dose of antegrade cardioplegia is
administered into the aortic root with additional doses
administered as needed. A right atriotomy extending from
the apex of the right atrial appendage is carried to, but not
across, the atriocaval junction. This incision has been
modiﬁed to minimize potential injury to the artery supplying
the sinoatrial node. The inferior aspect of the arteriotomy is
sutured to the outside wall of the SVC until the atriotomy is
encountered, utilizing the external surface of the SVC as a
patch augmentation of the distal-most right pulmonary
arteriotomy. The suture line is then continued along the
atriotomy, suturing the inferior aspect of the pulmonary
arteriotomy to the posterior aspect of the right atriotomy(Fig. 1B). A PTFE patch is placed within the atrium at the
level of the limbus to exclude the hemi-Fontan pathway
from the body of the atrium (labeled “Rt. Atrial patch”). The
central PAs are then enlarged with the patch of pulmonary
allograft sutured anteriorly to complete the hemi-Fontan
pathway (Fig. 1C). In patients with signiﬁcant tricuspid
valve regurgitation, the valve can be repaired before insertion
of the PTFE patch. An angiogram demonstrates the
unobstructed ﬂow from the SVC to the branch PAs with
no contrast entering the atrium (Fig. 2).
The hemi-Fontan procedure has greatly simpliﬁed the
completion of lateral tunnel Fontan by maintaining an
established connection for the IVC. Once the patient has
been placed on CBP and the heart is arrested, the PTFE
patch beneath the superior vena caval-pulmonary artery
anastomosis is excised (Fig. 3). The atrial septal defect is
evaluated and enlarged if necessary by cutting back on the
coronary sinus into the left atrium (Fig. 3—inset). The IVC
connection to the PAs is than created with a patch of PTFE
sutured around the oriﬁce of the IVC and then brought
anterior to the right pulmonary veins up to the level of the
prior hemi-Fontan PTFE patch (Fig. 4A). The pathway is
completed by closing the atriotomy while incorporating
the PTFE patch (Fig. 4B). The pathway can be fenestrated
with the use of an appropriate-sized aortic punch (generally
2.8-3.0 mm) in the lower third of the PTFE patch. This
position allows for ease of access if need be in the
catheterization laboratory.
Figure 1 Second-stage palliation with the hemi-Fontan procedure. (A) The central PAs are opened anteriorly from just posterior to the SVC to
distal to the insertion of the ligamentum arteriosum. An incision is made in the base of the right atrial appendage extending up to, but not
across the SVC to right atrial junction. (B) The inferior aspect of the pulmonary arteriotomy is sutured to the outside of the SVC, utilizing the
external surface of the SVC as a patch augmentation of the distal-most right pulmonary arteriotomy, until the atriotomy is encountered. The
suture line is then continued along the atriotomy, suturing the inferior aspect of the pulmonary arteriotomy to the posterior aspect of the right
atriotomy. (C) A patch of PTFE is sutured within the right atrium at the level of the limbus, so as to exclude the SVC and PAs from the body of
the atrium. A previously thawed and prepared pulmonary allograft is utilized to patch augment from the left pulmonary, through the central
PAs anteriorly, and then continued on as the roof of the cavopulmonary connection, thereby completing the hemi-Fontan connection. Figure
1C is reproduced with permission from Bove and Mosca. Prog Pediatr Cardiol 5:23-25, 1996. Ao = aorta; RAA = right atrial appendage; PA =
pulmonary artery; SVC = superior vena cava.
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Figure 2 Angiogram performed with contrast injected into the SVC following the hemi-Fontan procedure (Left: anterior-posterior image. Right:
lateral image.) Unobstructed PAs are visualized with no contrast entering the right atrium. SVC = superior vena cava; PA = pulmonary artery.
Figure 3 The lateral tunnel Fontan procedure is performed by removing the previously inserted PTFE patch beneath the superior vena caval-
pulmonary artery connection. In the inset, the coronary sinus is cut back into the left atrium to enlarge the atrial septal defect if necessary.
Reproduced with permission from Bove and Mosca. Prog Pediatr Cardiol 5:23-25, 1996. PTFE = polytetraﬂuoroethylene.
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Figure 4 A PTFE patch is used to channel IVC return to the previously constructed anastomosis with the PAs. The pathway is completed by
closing the atriotomy including the anterior aspect of the patch in a sandwich-type closure. A fenestration can be placed in the patch with an
aortic hole punch of the desired size (generally 2.8-3.0 mm). Reproduced with permission from Bove and Mosca. Prog Pediatr Cardiol 5:23-
25, 1996. PTFE = polytetraﬂuoroethylene; IVC = interior vena cava; PA = pulmonary artery.
Figure 5 Finite element mesh 3-dimensional model of a typical hemi-Fontan procedure based on data from magnetic resonance scans and
angiocardiograms. Note the absence of right angles and the anterior-posterior offset of the PAs from the SVC. Reproduced with permission
from Bove et al. J Thorac Cardiovasc Surg 126:1040-1047, 2003. PA = pulmonary artery; SVC = superior vena cava.
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Figure 6 Finite element mesh 3-dimensional model of a typical bidirectional Glenn procedure based on data from magnetic resonance scans
and angiocardiograms. Note the right angles for the ﬂow pattern and the absence of caval offset. Reproduced with permission from Bove et al.
J Thorac Cardiovasc Surg 126:140-147, 2003.
Figure 7 Finite element mesh 3-dimensional model of a typical completion lateral tunnel Fontan procedure based on data from magnetic resonance
scans and angiocardiograms. Note the absence of right angles from the ﬂow pathway as well as the maintained anterior-posterior offset of the cava
from the branch PAs. Reproduced with permission from Bove et al. J Thorac Cardiovasc Surg 126:140-147, 2003. PA = pulmonary artery.
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The volume-unloading beneﬁts of the second-stage cavo-
pulmonary connection are essential for the long-term
preservation of the single ventricle. The goals of an ideal
cavopulmonary connection include minimal energy losses,
avoiding right angles and areas of stagnation, growth
potential, and equal distribution of IVC and hepatic vein
venous return to minimize variable venous return and
subsequent development of pulmonary arteriovenous mal-
formations. At our institution, we feel this set of goals is best
achieved with the hemi-Fontan procedure.
Owing to the heterogenous population and the lack of
long-term follow-up with national datasets, large clinical
studies to assess outcomes for the hemi-Fontan vs the BDG
are limited. However, a few single-center studies have been
published. A study evaluating 114 patients who had under-
gone a hemi-Fontan procedure at our institution for hypo-
plastic left heart syndrome demonstrated a 98% hospital
survival with 92% of patients maintaining sinus rhythm.
The rate of sinus node dysfunction has further decreased
with the modiﬁcation of the atrial appendage incision to
terminate before the SVC and right atrial junction.3 Two
subsequent studies from our institution evaluating the
outcomes following the completion of Fontan demonstrated
superior survival in those patients who received a hemi-
Fontan vs a bidirectional Glenn as their second-stage
palliation.4,5
Computational ﬂuid dynamic modeling has been utilized
to analyze the efﬁciency of various cavopulmonary con-
nections to determine the ideal arrangement that minimizes
any potential energy loss, reduces areas of stagnation, and
optimizes equal distribution of pulmonary blood ﬂow. Early
studies demonstrated increased power losses in cavopulmo-
nary connections with sharp angles resulting in less optimal
clinical outcomes such as the BDG.6 Energy is dissipated in
areas of turbulence around surgical anastomoses along with
disturbances in ﬂow and unequal distribution of pulmonary
blood ﬂow.7 Comparative ﬂuid dynamics of the hemi-
Fontan and BDG demonstrate nearly equal performance of
these connections with similar power loss and nearly equal
ﬂow distribution to each lung (Figs. 5 and 6). The beneﬁt of
the hemi-Fontan, as noted in our clinical studies, becomes
apparent with the Fontan procedure. Computational ﬂuid
dynamic modeling has demonstrated that the lateral tunnel
Fontal following a hemi-Fontan has superior performance toall other total cavopulmonary connections with the lowest
power loss and the most equal distribution of pulmonary
blood ﬂow8 (Fig. 7). This ﬁnding demonstrates the
importance of the type of intermediate cavopulmonary
connection although the hemodynamic beneﬁts may not be
realized until the completion Fontan operation. It has been
hypothesized that this advantage is due to the anteroposte-
rior caval offset created by the hemi-Fontan pathway
(Figs. 5 and 7). An added beneﬁt of this arrangement is
the ability to widely augment the central PAs to avoid an area
of stenosis, as well as the incorporation of native tissue
throughout the pathway to allow for somatic growth.
The choice of second-stage superior cavopulmonary
connection remains largely center and surgeon preference
based on personal experience and whether a lateral tunnel
or extracardiac Fontan is planned. It is clear that the
incorporation of this second-stage procedure for relief of the
volume load on the single ventricle is important to short-
and long-term survival.9 Based on extensive computer
modeling and single-center clinical data, the hemi-Fontan
achieves the goals of the second-stage palliation with optimal
hemodynamics.References
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